Quantitative reverse transcription polymerase chain reaction (qRt-pcR) in thyroid tumors require accurate data normalization, however, there are no sufficient studies addressing the suitable reference genes for gene expression analysis in malignant and normal thyroid tissue specimens. the purpose of this study was to identify valid internal control genes for normalization of relative qRT-PCR studies in human papillary thyroid carcinoma tissue samples. The expression characteristics of 12 candidate reference genes (GAPDH, ACTB, HPRT1, TBP, B2M, PPIA, 18SrRNA, HMBS, GUSB, PGK1, RPLP0, and PGM1) were assessed by qRT-PCR in 45 thyroid tissue samples (15 papillary thyroid carcinoma, 15 paired normal tissues and 15 multinodular goiters). These twelve candidate reference genes were selected by a systematic literature search. GeNorm, NormFinder, and BestKeeper statistical algorithms were applied to determine the most stable reference genes. The three algorithms were in agreement in identifying GUSB and HPRT1 as the most stably expressed genes in all thyroid tumors investigated. According to the NormFinder software, the pair of genes including 'GUSB and HPRT1' or 'GUSB and HMBS' or 'GUSB and PGM1' were the best combinations for selection of pair reference genes. The optimal number of genes required for reliable normalization of qPCR data in thyroid tissues would be three according to calculations made by GeNorm algorithm. These results suggest that GUSB and HPRT1 are promising reference genes for normalization of relative qRT-PCR studies in papillary thyroid carcinoma.
Identification of the most stable reference genes. NormFinder algorithm. This algorithm merges group division, the absolute copy number of the gene, and the random expression variations (stability value) caused by biological and experimental factors. Then, it ranks the reference genes in order; the lower the stability value the reliable the reference gene 8 . The five most stable HKGs in each studied group ranked by NormFinder (from most stable to least stable) were as follows: (i) Total: GUSB, HPRT1, PGM1, TBP, RPLP0; (ii) PTC vs. PNT: HPRT1, GUSB, HMBS, GAPDH, PPIA; (iii) PTC vs. MNG: GUSB, RPLP0, HMBS, PGK1, PGM1; (iv) PNT vs. MNG: GUSB, HPRT1, GAPDH, ACTB, HMBS ( Fig. 2A ). According to the NormFinder algorithm, the best combination of two HKGs are 'GUSB and HPRT1' or 'GUSB and HMBS' or 'GUSB and PGM1' ( Table 3) .
GeNorm algorithm. This algorithm calculates a stability value, M, as the average pair-wise variation of each reference gene in relation to all the other reference genes led to the elimination of the least stable gene. The process is followed by recalculation of the M values resulting in the ranking of the most stable genes. HKG with the lower M value has a higher expression stability 9 . Using GeNorm the five most stable HKGs evaluated (from most stable to least stable) were: (i) Total: GUSB, HPRT1, HMBS, TBP, GAPDH; (ii) PTC vs. PNT: HPRT1, GUSB, GAPDH, TBP, HMBS; (iii) PTC vs. MNG: GUSB, HPRT1, HMBS, RPLP0, PGM1; (iv) PNT vs. MNG: HPRT1, GUSB, GAPDH, HMBS, TBP (Fig. 2B ). The GeNorm algorithm was also used to calculate the optimal number of reference genes required for a reliable normalization using a normalization factor (V NF value). According to GeNorm, a combination of three reference genes was the optimal number of genes required for reliable normalization of qPCR data in thyroid tissues ( Fig. 3) .
BestKeeper algorithm. This algorithm computes the average Ct values, standard deviation (SD), and the coefficient of variation (CV) for each gene and SD > 1 is regarded as inappropriate for use as a stable reference gene. Then the program estimates the geometric mean of the stable control genes' Ct values and creates pair-wise correlations between this index and each gene. HKG with the higher Pearson's correlation coefficient value is considered as the most stable gene 10 . This tool has a limitation that it has been designed only for 10 genes, therefore, following the NormFinder and GeNorm analyses, the two least stable genes (B2M and 18SrRNA) were omitted then the algorithm was utilized. According to the BestKeeper, the five most stable HKGs in the groups studied (from most stable to least stable) were as follows: (i) Total: HPRT1, ACTB, GUSB, GAPDH, RPLP0; (ii) PTC vs. PNT: HPRT1, ACTB, PGM1, GUSB, GAPDH; (iii) PTC vs. MNG: GUSB, HPRT1, HMBS, RPLP0, ACTB; (iv) PNT vs. MNG: HPRT1, ACTB, GUSB, GAPDH, RPLP0 (Fig. 2C ). Table 2 . The Ct coefficient of variation (CtCV%) values of 12 candidate reference genes in papillary thyroid carcinoma (PTC), paired normal tissue (PNT), multinodular goiter (MNG), and total tissues.
Discussion
In order to monitor changes occurring in the pattern of PTC gene expression for the biomarkers identification, confirming stable and reliable internal reference genes for relative qRT-PCR is highly crucial. The ideal reference gene in thyroid tissue specimens should provide constant transcriptions at any types of thyroid tissue and at any time of the cell cycle or cellular differentiation. However, it is a desire and such as that HKG may probably not exist at all, so we can only find genes with the least expressed variation.
To select the suitable internal reference genes for relative quantification analysis in PTC, we chose a panel of 11 candidate HKGs by a systematic search then added PGM1 to the panel because of its stability according to our previous studies 11, 12 . These genes were investigated in three types of thyroid lesion tissues including PTC, PNT, and MNG. The data obtained were analyzed by the three most commonly used software programs (NormFinder, GeNorm, and BestKeeper) for analyzing gene expression stability. Following the analysis, NormFinder and GeNorm selected the GUSB, and BestKeeper documented the HPRT1 as the most stable gene in the total sample group. All three algorithms recorded HPRT1 as the most stably expressed gene in PTC vs. PNT group. The three software recommended that GUSB is the most stable HKG in PTC vs. MNG. Also, NormFinder selected the GUSB, and GeNorm and BestKeeper selected the HPRT1 as the most stable gene in PNT vs. MNG group. Although, the three software programs use different mathematical models for the identification of the most stable reference gene, there were only minor variations in the selection of the single most stable reference gene by the three algorithms.
To date, only a few groups performed similar HKGs selection studies on human thyroid tissues or cells. In previous studies conducted by Weber et al. and Santin et al., ACTB was introduced as the best single reference gene among several other candidates tested 13, 14 . Weber et al. evaluated 6 reference genes (ACTB, B2M, GAPDH, HPRT1, SDHA, and YWHAZ) in 14 thyroid specimens (7 normal thyroid tissues and 7 goitrous tissues) using the NormFinder algorithm 13 . Santin et al. evaluated 4 reference genes (ACTB, B2M, GAPDH, and TBP) in primary culture cells obtained from normal human thyroid tissue treated with progesterone or estradiol and chose NormFinder as an analyzer algorithm 14 . Contrary to these two studies, ACTB was ranked at the middle of the stable HKGs list in our study. The different results in studies are somewhat similar confirm that there is no universal or gold standard reference gene for all thyroid tissue samples because even highly stable expressed HKGs are prone to be affected by ethnicity and genetic status of examined tissues. On the other hand, diet, life style, and physical activity could have epigenetic effects influencing the expression of genes. In the case of cancerous tissues, due to the heterogeneity at the molecular, cellular and tissue levels, different results in similar studies may be obtained. However, pathological states of tissues and materials and methods used for an individual experiment are the other possible factors for inconsistency between our results and what the others have shown in previous studies. These different observations emphasize the need for determination of stably expressed reference genes in particular thyroid tissues and/or particular thyroid cell subtypes. Several studies on primary thyroid cancers and thyroid cancer-derived cell lines have employed GAPDH as a reliable internal reference gene because the transcription of GAPDH is stable in most experimental conditions [15] [16] [17] . However, the results of present investigation demonstrated GAPDH was not listed within the highest stable genes in the tissues and experimental setup used here. On the other hand, GAPDH has pseudogene, and it may amplify genomic DNA that lead to a false estimation of GAPDH expression 18 .
In our study conditions, using the three algorithms, GUSB and HPRT1 were identified as the most stably expressed genes in paired malignant and nonmalignant thyroid tissue samples. It is noteworthy that the results of the three software programs were close to each other. Therefore, since the rankings of the candidate HKGs were similar, our data suggest that GUSB and HPRT1 could be considered as the optimal internal reference genes for normalizing the relative gene quantitation in PTC studies. However, these findings are completely different from those found by Chantawibul et al. They demonstrated that GAPDH was the most and HPRT1 was the least stably expressed genes in thyroid tissues 19 . Although the stability value obtained with NormFinder was extraordinary high in Chantawibul et al. study, the differences may be attributed to the experimental factors and the sample selection included (13 goiters, 6 adenomas, 2 follicular carcinomas, 2 papillary carcinomas, and 2 lymphocytic thyroiditis).
At present, usage of the geometric mean of several reference genes rather than a single one is widely accepted to reduce the influence of fluctuations. Minimum Information for Publication of Quantitative Real-Time PCR Experiments (MIQE) recommends that the optimal number and the utility of HKGs must be validated for particular tissues and specific experimental conditions 20 . According to our study, GeNorm program suggested a combination of 3 most stable reference genes for gene expression studies in thyroid lesions. NormFinder software program found that the combination of GUSB and HMBS or HPRT1 or PGM1 were the best combinations.
In comparison to previous study, the results of current study provide promising evidence identifying potential HKGs for gene expression analyses in PTC. However, we stored the thyroid tissue samples in RNA later which is a commercial product and is not routinely used in investigations. Therefore, our results might not be similar to the samples were flash frozen and stored at −80 °C. For these types of stored thyroid tissues, the utility of reference genes must be validated. On the other hand, our study was limited to the most frequent type of thyroid cancer, PTC; however, there are several histological types and subtypes of thyroid cancer with different cellular origins, characteristics and prognoses including FTC and ATC (follicular thyroid cell-derived tumors), and MTC (parafollicular C cell-derived tumors). For these types of thyroid tissues, the stable reference genes must be investigated.
conclusions
GUSB and HPRT1 evidenced as the most stable reference genes when a panel of 12 candidate reference genes were compared in PTC, PNT, and MNG specimens stored in RNA later. These genes can be considered as single reference genes for normalization of relative qRT-PCR studies in PTC. However, it is suggested to utilize the validated combination of 'GUSB and HPRT1' or 'GUSB and HMBS' or 'GUSB and PGM1' as a much more reliable normalization strategy.
Materials and Methods
Literature review for selection of candidate reference genes. A systematic literature search was performed in Web of Science and PubMed databases using the following key words: 'reference genes' or 'housekeeping genes' , and 'cancer' or 'carcinoma' or 'malignancy' or 'neoplasm' in English and in all years. The initial search visualized 123 articles. After applying the inclusion criteria ( Fig. 4 ) 34 articles were included in the study . According to the usage rate, 11 candidate reference genes were selected for validation in the study. The phosphoglucomutase 1 (PGM1) gene was also added to the list because of its stability that was exhibited in our previous RT-qPCR studies 11, 12 . All selected reference genes are listed in Table 4 . tissue samples. Patients who had undergone near-total or total thyroidectomy from November 2015 to August 2016 in Shariati Hospital, Tehran Iran were initially enrolled in the study. The present study was approved by the Institutional Review Board and Ethics Committee of Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran (Ethical approval number: IR.SBMU.REC.1397.110) and written informed consent was obtained from all participants.
Following the thyroid excision, part of the tumor and adjacent tissues were immediately treated in RNAlater ® RNA Stabilization Reagent (Qiagen, Hilden, Germany) prior to further processing. Before archival storage at −80 °C, the tissues were incubated overnight in RNAlater at 2-8 °C, and then they were removed from the reagent and transferred to −80 °C until tested.
According to the postoperative pathological reports and the histological confirmation, a total of 45 thyroid tissue samples taken from 30 thyroid gland consisting of 15 PTC, 15 PNT belonged to the patients with PTC tumors, and 15 goiterus tissues belonged to the patients with MNG were selected. The approximate size of each sample was 0.5 cm. The pathological characteristics of the tissues used in the study are summarized in Table 5 . Tumor staging was determined by the 7th edition of the American Joint Committee on Cancer Tumor-Node-Metastasis (TNM) staging system 55 .
RnA extraction. Total RNA was extracted from each tissue sample using TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA, USA), according to the manufacturer's instructions.
DNase I was used to eliminate residual genomic DNA contamination. The quantity and quality of the isolated RNA were measured using NanoDropND-1000 spectrophotometer (ThermoScientific, Waltham, MA, USA). The purity of total RNA was determined using the A260/A280 ratio. The integrity of the RNA samples was confirmed by electrophoresis on 1.0% agarose gel (Ultra-Pure ™ Agarose; Invitrogen).
complementary DnA (cDnA) synthesis. Three µg of total RNA was reversely transcribed to cDNA using Thermo Scientific RevertAid Reverse Transcriptase (1 µL of 200 U/µL), random hexamer primers (1 µl of 100 µM), dNTPS (2 µL of 10 mM), and RiboLock RNase-inhibitor (0.5 µL of 40 U/µL), incubated for 10 min at 25 °C, followed by 60 min at 42 °C in a total volume of 20 µL. The reaction was terminated by heating the reactions at 70 °C for 10 min. 
